
US006622120B1 

(12) United States Patent 
Yoon et al. 

(10) Patent N0.: 
(45) Date of Patent: 

US 6,622,120 B1 
Sep. 16,2003 

(54) FAST SEARCH METHOD FOR LSP 
QUANTIZATION 

(75) Inventors: Byung Sik Yoon, Taejon (KR); Sang 
Won Kang, Kyoungki-do (KR); Chang 
Yong Son, Seoul (KR); Hyoung Jung 
Kim, Taejon (KR); Jung Chul Lee, 

Taejon (73) Assignee: Electronics and Telecommunications 
Research Institute, Taejon (KR) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/498,998 

(22) Filed: Feb. 4, 2000 

(30) Foreign Application Priority Data 
Dec. 24, 1999 ...................................... .. 1999-62269 

(51) Int. Cl.7 .............................................. .. G10L 19/12 

(52) US. Cl. ...................................... .. 704/222; 704/230 

(58) Field of Search ............................... .. 704/219, 222, 

704/230, 243, 244 

(56) References Cited 

U.S. PATENT DOCUMENTS 

5,194,864 A * 3/1993 Nakano .................... .. 341/106 

5,819,224 A * 10/1998 Xydeas .... .. 704/222 

5,822,723 A 10/1998 Kim et al. 704/222 
6,067,515 A * 5/2000 Cong et al. ............... .. 704/243 

6,148,283 A * 11/2000 Das .......................... .. 704/222 

6,269,333 B1 * 7/2001 Ravishankar ............. .. 704/222 

OTHER PUBLICATIONS 

PaliWal et al., “Ef?cient Vector Quantization of LPC Param 
eters at 24 Bits/Frame,” IEEE Transactions on Speech and 
Audio Processing, 1(1):3—14, Jan., 1993. 

* cited by examiner 

Primary Examiner—Marsha D. Banks-Harold 
Assistant Examiner—Angela Armstrong 
(74) Attorney, Agent, or Firm—SEED IP LaW Group PLLC 

(57) ABSTRACT 

A fast search method for LSP (Linear Spectrum Pair) 
quantization is provided. The fast search method in accor 
dance With an embodiment of the present invention includes 
the following steps. A ?rst step is obtaining a target vector 
and a code vector. The target vector and the code vector are 
converted for ordering property. Asecond step is generating 
a code book having the ordering property for sub-matrices 
by utilizing the target vector and the code vector. Athird step 
is selecting a particular line for determining a search scope 
in the code books and sorting the code book in descending 
order With respect to component values of the particular line. 
Afourth step is determining the search scope by utilizing the 
ordering property of the target vector and the sorted code 
vectors. The ?fth step is obtaining an error standard by 
utilizing the target vector and the code vector, and obtaining 
an optimal code vector by utilizing the error standard Within 
the determined search scope. 
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FAST SEARCH METHOD FOR LSP 
QUANTIZATION 

TECHNICAL FIELD 

The present invention relates to a voice coder using 
PSMQ (predictive split matrix quantization) and PSVQ 
(predictive split vector quantization) of LSP (line spectrum 
pair) coef?cient. In particular, the present invention relates 
to a fast search method for LSP quantization in PSMQ or 
PSVQ. 

BACKGROUND OF THE INVENTION 

Generally, voice-coding methods With analysis-by 
synthesis structure extract parameters that represent voice 
signal and quantize the parameters for transmission. The 
voice-coding methods reduce the amount of data to be 
transmitted in environments of limited bandWidth. 

In order to perform high quality voice coding, loW speed 
voice coders should quantize LPC (linear predictive coding) 
coef?cients ef?ciently. LPC coefficients describe the relativ 
ity of voice signals in short range. Optimal LPC coefficients 
are obtained in the folloWing Way. First, the input voice 
signal is divided into frame units. Then, LPC coef?cients are 
obtained as the energy of expectation error is minimized in 
each frame. Generally, LPC ?lters are to the 10th order, 
all-pole ?lters and a number of bits are allocated to quantize 
the 10 LPC coef?cients. For example, in the case of IS-96A 
QCELP, Which is a voice coding method in CDMA mobile 
communication systems, 25% of the total bits are used for 
LPC quantization. 

So far, a number of methods have been proposed for LPC 
coef?cient quantization, and they are practically used for 
voice coders. The methods, in Which LPC coef?cients are 
directly quantized, are too sensitive for quantization error of 
coef?cients and there is no guarantee that LPC ?lters are 
stable after quantization. 

Therefore, LPC coefficients should be converted into 
different parameters having good quantization 
characteristics, and usually they are converted into re?ection 
coef?cients or LSP (line spectrum pairs). Especially, since 
LSP is closely related With frequency characteristics of voice 
signals, recently developed standard voice coders mostly 
employ LSP quantization methods. 

In addition, more ef?cient quantization is possible by 
using correlation of LSP betWeen frames. That is, the LSP of 
the current frame is not directly quantized. Instead, the LSP 
of the current frame is expected on the basis of LSP 
information regarding previous frames and the difference of 
the LSP expected betWeen the tWo frames is quantized. The 
LSP value may be expected in terms of time because it is 
heavily related With frequency characteristics of voice sig 
nals and it results in a relatively high expectation gain. 

Here, the tWo LSP expectation methods are explained. 
One is using an AR (auto-regressive) ?lter and the other 
method uses an MA (moving average) ?lter. AR ?lters are 
superior to MA ?lters in expectation capability yet it is 
problematic because the effect of the coef?cient error propa 
gates through frames. On the contrary, though expectation 
capability of MA ?lters is not as good as one of the AR 
?lters, MA ?lters are advantageous in that the effect of a 
coef?cient error is restricted in terms of time. Consequently, 
voice coders used in a Wireless communication environment 
like AMR, CS-ACELP, and EVRC usually employ MA 
?lters for LSP expectation. 
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2 
In addition, other than expecting LSP value betWeen 

frames, a quantization method using correlation betWeen 
adjacent LSP components is developed. Since LSP alWays 
satis?es an ordering property, this quantization method 
improves quantization ef?ciency. 

There are vector quantization and scalar quantizations in 
quantizing the expected LSP coef?cients. An 8 kbps QCELP 
voice coder uses scalar quantization. Since an 8 kbps 
QCELP voice coder scalar-quantizes each LSP component, 
relatively, many bits are allocated (40 bit) in comparison 
With voice coders With almost the same performance. 
Recently, the vector quantization method is employed for 
ef?cient quantization and many studies have been performed 
in the area. 

In vector quantization, to quantize all vectors at once is 
impossible because the vector table is going to be too big 
and the time for a search is going to be enormous. To solve 
the problem, one large vector is split into several small 
vectors before quantization, and this method is called SVQ 
(split vector quantization). For example, in a 10th order 
vector quantization using 20 bits quantizing the vector once 
requires a 10><102O vector table. If the vector is split into tWo 
?fth-order vectors and 10 bits are allocated for a vector, the 
size of the vector table is 5><101O><2. 
The vector may be split into more small vectors for a 

smaller vector table size and it results in a small amount of 
memory and faster searching. HoWever, correlation betWeen 
vector values is not fully utilized in such cases and, 
therefore, performance is deteriorated. In the extreme, if a 
10th order vector is split into ten ?rst order vectors, it 
becomes scalar quantization. 

If SVQ is used and the LSP is directly quantized Without 
expecting the LSP betWeen 20 ms frames, a quantization 
performance of 24 bits may be obtained. HoWever, since 
SVQ quantizes sub-vectors independently, correlation 
betWeen the sub-vectors is not fully utilized, and therefore, 
optimization of the total vector is not accomplished. 

Other than SVQ, there are several quantization methods 
such as multi-stage quantization, selective vector 
quantization, and linked split vector quantization. Multi 
stage quantization divides quantization process into several 
stages. Selective vector quantization employs tWo tables and 
performs selective quantization. Linked split vector quanti 
zation revieWs boundary values betWeen sub-vectors and 
selects appropriate vector quantization tables. 

SUMMARY OF THE INVENTION 

A fast search method for LSP (Linear Spectrum Pair) 
quantization is provided. The fast search method in accor 
dance With an embodiment of the present invention includes 
the folloWing steps. A ?rst step is obtaining a target vector 
and a code vector. The target vector and the code vector are 
converted for ordering property. Asecond step is generating 
a code book having the ordering property for sub-matrices 
by utilizing the target vector and the code vector. Athird step 
is selecting a particular line for determining a search scope 
in the code books and sorting the code book in descending 
order With respect to component values of the particular line. 
Afourth step is determining the search scope by utilizing the 
ordering property of the target vector and the sorted code 
vectors. The ?fth step is obtaining an error standard by 
utilizing the target vector and the code vector, and obtaining 
an optimal code vector by utilizing the error standard Within 
the determined search scope. 

Preferably, the ?rst step includes folloWing sub-steps. The 
?rst sub-step is obtaining a target vector for the mth sub 
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matrix, With an ordering property, by utilizing the LSP 
vector average value of the mth sub-matrix and the expec 
tation value of the mth sub-matrix. The second sub-step is 
obtaining the lth code vector of the mth sub-matrix by 
utilizing the lth error code book of the mth sub-matrix and 
the lth DC component of the mth sub-matrix. The lth DC 
component of the mth sub-matrix has an ordering property. 
The third sub-step is obtaining an error standard by utilizing 
the target vector of the mth sub-matrix and the lth code 
vector of the mth sub-matrix and determining the code book 
index that minimizes the error standard. 

Preferably, the error standard is obtained by applying the 
target vector of the mth sub-matrix and the lth code vector 
of the mth sub-matrix to the folloWing equation 1 and 
equation 2. 

Preferably, the DC component is the LSP vector average 
value. 

Preferably, the third step includes folloWing sub-steps. 
The ?rst sub-step is selecting a fourth line for the ?rst code 
book, a third line for the second code book, the third code 
book, and the fourth code book, and fourth line for the ?fth 
code book as a particular line. The second sub-step is sorting 
the Whole code book in descending order With respect to the 
selected particular line. 

Preferably, the fourth step obtains a starting point of the 
search scope by forWard direction comparison and an ending 
point of the search scope by reverse direction comparison. 
The forWard direction comparison compares the nth line 
component of the sorted code book With the (n+1)th line 
component of target vector. The reverse direction compari 
son compares the nth line component of the sorted code 
book With the (n—1)th line component of target vector. 

Preferably, the process of obtaining the starting point 
obtains the smallest I value satisfying Rn+1>Cl)n, Rn+1 being 
n+lth target vector for the code book search of sub-matrix. 
Cl)” is the nth code vector of the lth sub-matrix. 

Preferably, the process of obtaining the starting point 
includes the folloWing sub-steps. The ?rst sub-step is ?nding 
i, satisfying Rn+1>Ci+64)n, by increasing i by 64. The second 
sub-step is for setting the variable j=i and ?nding j, satis 
fying Rn+1>Cj+16)n, by increasing j by 16. The third sub-step 
is setting variable k=j and ?nding k, satisfying Rn+1>Ck+4)n, 
by increasing k by 4. The fourth sub-step is setting variable 
m=k and ?nding m+1, satisfying Rn+1>Cm+1)n, by increasing 
m by 1. The ?fth sub-step is setting the m+1 as the starting 
point. 

Preferably, the process of obtaining the ending point 
obtains the smallest I value satisfying Rn_1<C,)n. Rn_1 is the 
n—lth target vector for the code book search of sub-matrix. 
Cl)” is the nth code vector of the lth sub-matrix. 
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4 
Preferably, the process of obtaining the ending point 

includes the folloWing sub-steps. The ?rst sub-step is setting 
an initial value of i based upon the index number of each 
code book. The second sub-step is ?nding i, satisfying 
Rn_1>Cl-_64 n, by decreasing i by 64. The third sub-step is 
setting variable j=i and ?nding j, satisfying Rn_1>C]-_16)n, by 
decreasing j by 16. The fourth sub-step is setting variable k=j 
and ?nding k, satisfying Rn_1>Ck_4 n, by decreasing k by 4. 
The ?fth sub-step is setting variable m=k and ?nding m, 
satisfying Rn_1>Cm_1n, by decreasing m by 1. The sixth 
sub-step is setting the) m+1 as ending point I. 

Preferably, the initial value of i is set 128 for setting the 
ending point of the ?rst code book search, 256 for setting the 
ending point of the second, third, and fourth code book 
search and then to 64 for setting the ending point of the ?fth 
code book search. 

Preferably, the fourth step includes folloWing sub-steps. 
The ?rst sub-step is sorting the third code book in ascending 
order by subtracting DC component from the third code 
book, multiplying a result of the subtraction by —1, and 
adding the DC component, if a sign bit of third code book 
is 1. The third code book is sorted in descending order by the 
ordering property. The second sub-step is obtaining a start 
ing point of the search scope by reverse comparison. The 
reverse comparison compares the nth line component of the 
sorted third code book With the (n—1)th line component of 
target vector. The third sub-step is obtaining an ending point 
of the search scope by a forWard comparison. The forWard 
comparison compares the nth line component of the sorted 
third code book With the (n+1)th line component of target 
vector. 

Preferably, the process of obtaining the starting point 
obtains the smallest I value satisfying Rn+1>C,)n, With Rn+1 
being the n+1th target vector for a code book search of 
sub-matrix, and Cl)” being the nth code vector of lth sub 
matrix. 

Preferably, the initial value of i is set at 128 for setting the 
starting point of the ?rst code book search, 256 for setting 
the starting point of the second code book search, third code 
book search, and fourth code book search, and at 64 for 
setting the starting point of the ?fth code book search. 
A fast search method implemented in a computer system 

for LSP (Linear Spectrum Pair) quantization is provided. 
The fast search method for LSP (Linear Spectrum Pair) 
quantization in accordance With an embodiment of the 
present invention, includes folloWing steps. The ?rst step is 
obtaining a target vector and a code vector, the target vector 
and the code vector are converted for ordering property. The 
second step is generating a code book having the ordering 
property for sub-matrices by utilizing the target vector and 
the code vector. The third step is selecting a particular line 
for determining a search scope in the code book and sorting 
the code book in a regular order With respect to component 
values of the particular line. The fourth step is determining 
the search scope by utilizing the ordering property of the 
target vector and the sorted code vectors. And the ?fth step 
is obtaining an error stand by utilizing the target vector and 
the code vector, and obtaining an optimal code vector by 
utilizing the error standard Within the determined search 
scope. 

Preferably, the LSP quantization is implemented by a 
predictive split VQ (Vector Quantization) method or a 
predictive split MQ (Matrix Quantization) method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The embodiments of the present invention Will be 
explained With reference to the accompanying draWings, in 
Which: 



US 6,622,120 B1 
5 

FIG. 1 is a diagram illustrating a linear predictive analysis 
WindoW of an AMR (adaptive multirate) voice coder; 

FIG. 2 is a diagram illustrating a surplus linear spectrum 
frequency vector of split matrix quantization used in 12.2 
kbps; 

FIG. 3 is a block diagram illustrating the structure of 
PSMQ (predictive split matriX quantization) of an AMR 
voice coder; 

FIG. 4 is a block diagram illustrating the structure of 
PSVQ (predictive split vector quantization) of an AMR 
voice coder; 

FIG. 5 is a block diagram illustrating the structure of 
PSMQ (predictive split matriX quantization), in accordance 
With an embodiment of the present invention; 

FIG. 6 is a block diagram illustrating the structure of 
PSVQ (predictive split vector quantization), in accordance 
With an embodiment of the present invention; 

FIG. 7 is a block diagram illustrating a forWard compari 
son method and a reverse direction comparison method 
When a search code vector is selected in a SMQ (split matriX 
quantization); 

FIG. 8 is a block diagram illustrating a forWard compari 
son method and a reverse direction comparison method 
When a search code vector is selected in a SVQ (split vector 
quantization); 

FIG. 9 is a How diagram illustrating a forWard direction 
comparison method for obtaining a starting point of a code 
book search; 

FIG. 10A, FIG. 10B and FIG. 10C are How diagrams 
illustrating a reverse direction comparison method for 
obtaining an ending point of code book search in a SMQ 
(split matriX quantization); 

FIG. 11 is a How diagram illustrating a reverse direction 
comparison method for obtaining an ending point of a code 
book search in a SVQ (split vector quantization); 

FIG. 12 is a How diagram illustrating a method for ?nding 
the starting point When the sign value is 1 in the third code 
book, searching in a SMQ (split matriX quantization); and 

FIG. 13 is a How diagram illustrating a method for ?nding 
the starting point When the sign value is 1 in the third code 
book, searching in a SVQ (split vector quantization). 

DETAILED DESCRIPTION OF THE 
INVENTION 

Generally, a representative voice coder for GSM (global 
system for mobile communication), 3 GPP (third generation 
partnership project), IMT 2000 (international mobile 
telecommunication) is the AMR (adaptive multirate) codec. 
The AMR codec has a voice coder of eight modes and, so 
called, state-of-the art coding technologies are integrated in 
the AMR codec. In an embodiment of the present invention, 
a fast search method for LSP quantization in PSMQ or 
PSVQ is provided. 
When quantizing LSP coef?cients, AMR voice coders 

quantize error signals, With a difference betWeen the LSP 
coef?cient vector in Which the DC component is removed, 
and in Which the vector is eXpected by MA estimators. 
Therefore AMR voice coders are not able to utilize an 
ordering property. 

In an embodiment of the present invention, a MA esti 
mator is used and a target vector and an error code book, 
With ordering property, are formed by adding the DC com 
ponent to target vector and the error code book. Then, a 
particular line used for a search scope decision is selected in 
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6 
a code book With an ordering property and Whole code book 
is sorted in descending order on the basis of components of 
the particular line. Component values sorted in each code 
book are compared With component values around related 
lines in the target vector, and then an error criterion (Em) ,) 
for vectors satisfying ordering property is obtained. The 
search scope of a code book is obtained by comparing the 
forWard direction and reverse direction. The amount of 
calculation required for the code book search is reduced 
Without distorting the spectrum in an embodiment of the 
present invention. 

An AMR codec includes eight source codecs and a 12.2 
kbps mode is used for the GSM EFR (global system for 
mobile communication enhancement full rate) standard. In 
GSM EFR, using tWo different asymmetric WindoWs, tWo 
sets of LPC coef?cients are transmitted in every transmis 
sion frame (20 msec) by performing tWo linear predictions 
in each frame. The remaining source codec transmits a set of 
LPC coef?cients by performing one linear prediction for 
each frame. 

Usually, the LPC coef?cient is converted into a LSP 
(linear spectrum pair) and then quantized. The LSP is 
mathematically equivalent to a LPC coefficient and has good 
quantization characteristics. Also, it is easy to eXamine the 
stability of a composite ?lter, regarding the LSP. Since the 
LSP has uniform spectrum stability, spectrum distortion is 
minimized in transmission. In addition, the LSP has good 
characteristics in linear interpolation. 

Important characteristics of LSP coef?cients are as fol 
loWs. 

First, composite ?lters are stable only if LSP coef?cients 
satisfy folloWing condition. 

O<W1<W2< . . . <W[,<n 

Second, LSP coef?cients represent format frequency and 
format bandWidth of voice. Format frequency is a central 
area in Which a particular frequency is dominant When a 
voice signal is converted into frequency domain. The domi 
nant area is called format bandWidth. That is, as LSP 
coef?cients locate closely, sharp format bandWidth is gen 
erated. 

Third, LSP coef?cients, interpolated, satisfy ordering 
property. 

Fourth, since dynamic range of the LSP is small, LSP is 
good for quantization. 

In order to quantize LSP coef?cients, SMQ (split matriX 
quantization) is used in 12.2 kbps. That is, tWo residual LSF 
(line spectral frequencies) vectors are quantized together in 
12.2 kbps and LSP coefficients are quantized by SVQ (split 
vector quantization) in other modes. 

In the present invention, a fast algorithm for ef?cient LSP 
coef?cient quantization is proposed. 

First, a LSP code book search method applied to predic 
tive SMQ is revieWed. 

FIG. 1 is a diagram illustrating a linear predictive analysis 
WindoW of an AMR (adaptive multirate) voice coder. As 
shoWn in FIG. 1, a LP analysis in 12.2 kbps uses tWo 
different asymmetric WindoWs and the LP analysis is per 
formed tWice for each WindoW. 

The ?rst WindoW, W,(n) has a priority on the second 
sub-frame (subframe2) and is composed of tWo Hamming 
WindoWs. In other Words, the ?rst WindoW, W,(n), is 
described in equation 1. 
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71(11 - U1”) 

In equation 1, L1“) is 160 and L2G) is 80. 
The second WindoW, W,,(n) has a priority on fourth 

sub-frame (subframes) and includes tWo parts. The ?rst part 
is the half of the hamming WindoW and the second part is a 
quarter of the cosine function period. The second WindoW is 
described in equation 2. 

In equation 2, L1(”) is 232 and L1(”) is 8. 
A linear predictive analysis is performed tWice in same 

voice sample frame. An analysis WindoW is formed by 
adding 80 samples of previous voice frames to 160 samples 
of the current voice frame. Samples of future frames are not 
used. TWo sets of the LP in each frame are quantized in 12.2 
kbps mode, in frequency domain, and is described in equa 
tion 3. 

[Equation 3] 

fi: LSF (linear spectral frequencies) Gift-E4000 
f5: sampling frequency=8000 hz 
A ?rst order MA (moving average) estimator is used and 

tWo residual LSF vectors are quantized With a SMQ (split 
matrix quantization) method. 

FIG. 2 is a diagram illustrating the surplus linear spectrum 
frequency vector of the split matrix quantization used in 12.2 
kbps. TWo LSF residual vectors, r(1)(n) and r(2)(n), are 
quantized together by the linear matrix uantization method. 
TWo LSF residual vectors, r(1)(n) and r(2 (n), are divided into 
?ve sub-matrices and one sub-matrix, including 2><2 com 
ponents. The ?ve sub-matrices are quantized by 7 bit, 8 bit, 
8+1 bit, 8 bit and 6 bit, respectively. The code book for third 
sub-matrix is composed of 256 code vectors. 8 bits are 
allocated for the index and 1 bit is allocated for sign bit. In 
sum, 9 bits are used for ?nding the optimal code vector. 

FIG. 3 is a block diagram illustrating the structure of 
PSMQ (predictive split matrix quantization) of the AMR 
voice coder. The MA estimator 31 is a ?rst order MA 
estimator. The LPC coef?cients are obtained from the ?rst 
WindoW, W,(n), and the second WindoW, W,,(n). The coef 
?cients obtained from the ?rst WindoW are converted into 
LSP coef?cients of vector L0‘). The coef?cients obtained 
from the second WindoW are converted into LSP coefficients 
of vector U2). LDC is an average vector that is the DC 
component of the LSP coefficients. PDC is obtained by 
adding LDC to the expectation vector P. The P vector is 
obtained through a MA estimator 31[?] by applying the ?rst 
order linear coef?cient b (b=0.65) to the second error vector 
r‘(2), of the quantized previous frame. Error vectors rm) and 
re) are obtained by subtracting PDC from LG) and La), 
respectively. Error vectors rm) and re) are divided into ?ve 
2><2 sub matrices (rm=(r(1), r(2)). Equation 4 describes these 
procedures mathematically. 
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r(2)=L(2)_PDC [Equation 4] 

As stated above, ?ve sub-matrices are quantized by 7 bits, 
8 bits, 9 bits, 8 bits and 6 bits, respectively. The third 
sub-matrix includes one bit sign, bit as shoWn in equation 5. 

m=O,1,2,3,4 [Equation 5] 

m: order of sub-matrix 

n: current frame 

The optimal code of each sub-matrix is selected as an 
error standard value (EmJ) is minimized. Equation 6 and 
equation 7 describes the procedure. 

[Equation 6] 

Whenm=2,05l5255 

[Equation 7] 
EH) _ 

1 

rm; target vector for code book search regarding mth 
sub-matrix 

r‘mJ: lth code vector of mth sub-matrix 
Wm: Weighting matrix for mth sub-matrix, obtained non 

quantized LSP vector L 

i: ith component of sub-matrix 
Using the equations, the code book index I minimizing 

error standard value (EmJ) is obtained and transmitted across 
a channel. 

Index k of third sub-matrix (m=2) has a sign value of zero 
When End“) is selected as the minimum value, and has sign 
value of one When Eml(+) is selected as a minimum value. 
Equation 8 describes this procedure mathematically. 

k=2l+sign [Equation 8] 

NoW, the LSP coef?cients are obtained. When the LSP 
coef?cients are quantized, most of time taken for quantiza 
tion is spent on searching for optimal code vectors from the 
?ve sub-matrices. 

Therefore, a fast search method, in accordance With an 
embodiment of the present invention, reduces amount of 
search calculation by decreasing the scope of code vectors 
for searches. This method utilizes an ordering property of 
LSP coefficients. NoW, a fast search method, in accordance 
With an embodiment of the present invention, is brie?y 
introduced. 

First, a code book is generated by adding ?ve sub 
matrices to average vector LDC. Next, the code book is 
sorted in descending order by a component value in the code 
book. Since an optimal code vector that minimizes EmJ, 
regarding ?ve sub-matrices, has a similar value to the target 
vector, the optimal code vector may be said to have an 
ordering property. Under this assumption, particular com 
ponents of values sorted in descending order Within the code 
book are compared With values of adjacent lines. Next, Em), 
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values are calculated only When code vectors satisfy the 
ordering property. Other code vectors not satisfying ordering 
property are not applied to calculating Em), values. 

Like this, When each code book is searched, it is advan 
tageous to decrease the amount of calculation by reducing 
search scope Within the help of the ordering property of the 
LSP vector. 
NoW, a procedure for applying the fast search method to 

a 12.2 kbps mode is described. First, target vector rm and the 
related code book don’t have ordering properties since they 
are error vectors obtained by subtracting LDC and Pm. 
Therefore, equation 6 and equation 7 are converted into 
equation 9 and equation 10, and then the target vector, With 
ordering property, is obtained. 

[Equation 9] 

i 0 

Mu: 
i o 

Whenm=2,05l5255 

In equation 9 and equation 10, Em), may be obtained from 
(Lm—Pm) and (r‘WHLDC). If Rm is (Lm—Pm), LDC is not 
removed and Pm is expected on the basis of error value, 
Which means a small variance. Rm becomes a target vector 
of the code book search With an ordering property. (r‘m)l+ 
LDC) is CmJ, Cm), has ordering property since this value 
results from adding existing error code book r‘mJ to LDC, that 
has ordering property. Also, since r‘mJ and LDC are all ?xed 
values, Cm), may be pre-calculated and replace existing the 
code book. 

LikeWise, Em), is obtained from Rm and Cm), and the code 
book index I that minimizes Em), is obtained and transmitted 
through the channel. 

FIG. 5 is a block diagram illustrating the structure of a 
PSMQ (predictive split matrix quantization), in accordance 
With an embodiment of the present invention. 

Since the structure shoWn in FIG. 5 is designed to utilize 
the result of equation 9 and equation 10, basically it is same 
as the structure shoWn in FIG. 3. HoWever, it is different in 
that a procedure of LDC subtraction is omitted and the code 
book regarding each sub-frame is replaced by neW code 
books. LDC is already added to the neW code books. After 
this procedure, target vectors and related code books all have 
ordering properties. 

FIG. 7 is a block diagram illustrating a forWard compari 
son method and a reverse direction comparison method 
When a search code vector is selected in SMQ (split matrix 
quantization). That is, regarding the ?ve code books of the 
2x2 matrix, the code vector in ?rst code book is sorted in 
descending order With respect to the components of the 
fourth line. The code vector in the second code book, the 
third code book, and the fourth code book is sorted in 
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10 
descending order With respect to components of the third 
line. The code vector in the ?fth code book is sorted in 
descending order With respect to components of the fourth 
line. Since the sorted code books and the target vector 
includes the DC component, they have ordering property. 
Selecting a particular line in each code book is performed 
tentatively. 
The scope of the code book search is determined by the 

concept in Which a particular line components of the code 
book are compared With particular line components of target 
vectors and code vectors violating ordering property are 
excluded. This procedure uses equation 11 and equation 12. 

R,,+1(2)>C,’,,(2), When m=O,n=1, 0212127 [Equation 11] 

As shoWn in equation 11, it is called a forWard direction 
comparison if the nth line component of a code book is 
compared With the (n+1)th line component of the target 
vector. As shoWn in equation 12, it is called reverse a 
direction comparison if the nth line component of a code 
book is compared With (n—1)th line component of the target 
vector. 

FIG. 7 is a diagram to illustrate the fast search method, in 
accordance With an embodiment of the present invention. In 
FIG. 7, f1, f2, f3, f4, and f5 represent component values in 
code books used for forWard direction comparison and 
reverse direction comparison. In FIG. 7, b1, b2, b3, b 4, and 
b5 represent component values in target vector, used for 
forWard direction comparison and reverse direction com 
parison. Since each code book is sorted in descending order 
With respect to a particular line in the sub-matrix, the starting 
point of search scope is obtained by forWard direction 
comparison and the ending point of a search scope is 
obtained by reverse direction comparison. LikeWise, the 
overall search scope satisfying an ordering property is 
obtained. Once the overall search scope is determined, a 
code book Within the scope is searched and EmyL is achieved. 

FIG. 9 is a How diagram illustrating a forWard direction 
comparison method for obtaining a starting point of code 
book search. FIG. 10 is a How diagram illustrating a reverse 
direction comparison method for obtaining an ending point 
of code book search in SMQ (split matrix quantization). 

In the present invention, a starting point and an ending 
point for code book searches are found by utilizing the 
ordering property of the LSP, and the code book search is 
performed Within the scope. The smallest L value satisfying 
Rn+1>CLn is set as a starting point of the code book search. 
Once the lvalue is determined like this, the code book search 
regarding each sub-matrices may start after this I value. 
Since it is not efficient to increase the I value from C1)” to 
Chm n by 1, I value is increased by 64, 16, 4, 1 units to ?nd 
a value satisfying Rn+1>CLW The increment of the I value 
may be determined differently. 
As shoWn in FIG. 9, the L and DC components of the LSP 

vector are calculated at step S901 and then the target vector 
is calculated at step S902. Since a forWard direction com 
parison is not performed for the ?fth code book, the starting 
point is alWays 0. That is, variable i is set as i=0 at step S903. 

At step S904, Rn+1>Ci+64yn is determined. If result of the 
comparison is negative, variable i is replaced by i+64 at step 
S905 and step 904 is performed again. HoWever, if the result 
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of the comparison is positive, the value of variable i is stored 
at step S905 and step S907 is performed. 

Later, the value of variable j is replaced by the value of 
variable i at step S907. At step S908, Rn+1>Cj+16yn is 
determined. If the result of the comparison is negative, 
variable j is replaced by j+64 at step S909 and step 908 is 
performed again. HoWever, if the result of the comparison is 
positive, the value of variable j is stored at step S910 and 
step S911 is performed. 

Later, the value of variable k is replaced by the value of 
variable j at step S911. At step S912, Rn+1>Ck+4 _n is 
determined. If the result of the comparison is negative, 
variable k is replaced by k+4 at step S913 and step 912 is 
performed again. HoWever, if the result of the comparison is 
positive, the value of variable k is stored at step S914 and 
step S915 is performed. 

Later, the value of variable m is replaced by the value of 
variable j at step S915. At step S916, Rn+1>Cm+1yn is 
determined. If the result of the comparison is negative, 
variable m is replaced by m+1 at step S918 and step 917 is 
performed again. HoWever, if the result of the comparison is 
positive, the value of variable m+1 is stored at step S919 and 
the stored m+1 value is set as starting point for the search 
scope at step S920. 

FIG. 10A, FIG. 10B and FIG. 10C are How diagrams 
illustrating a reverse direction comparison method for 
obtaining an ending point of the code book search in SMQ 
(split matrix quantization). That is, the ending point of the 
search scope is determined by reverse direction comparison 
and it is the biggest I value satisfying Rn_1<Cl)_n. Here, n is 
1 for ?rst code book, 2 for second code book, 3 for third code 
book, 4 for fourth code book and 5 for ?fth code book. 

Like the process of obtaining the starting point, it is not 
ef?cient to perform sequential search from Clan)” to Cl)”. 
Instead, lvalue is decreased like 64, 16, 4, and 1 to ?nd an 
optimal value. 

FIG. 10A illustrates ?nding an ending point of the search 
scope regarding the ?rst code book. The ?rst L and DC 
components of the LSP vector are calculated, and then the 
target vector R is calculated. Since the number of the ?rst 
code book indeX is 127, the initial value of i is set as i=128. 

Once the initial value is found, the value of i is decreased 
by 64 until i satisfying Rn_1<Cl-_64>n is found. If i is found, 
variable j is set as j=i and then the value of variable j is 
decreased by 16 until j satisfying Rn_1<C]-_16>n is found. If j 
is found, variable k is set as k=j, and then the value of 
variable k is decreased by 4 until k satisfying Rn_1<Ck_4)n is 
found. If k is found, variable m is set as m=k and then value 
of variable m is decreased by 1 until m satisfying Rn_1<Cm_ 
1,” is found. Once m is found, the ending point I is set as 
l=m—1. 

FIG. 10B illustrates ?nding an ending point of the search 
scope regarding the second code book, the third code book, 
and the fourth code book. The ?rst L and DC components of 
the LSP vectors are calculated, and then the target vector R 
is calculated by the method stated above. 

Since the number of indeX in second, third, and fourth 
code book is 246 and 256 is bigger than 24 and a multiple 
of 64, the initial value of i is set as i=256. 

Once the initial value is found, value of i is decreased by 
64 until i satisfying Rn_1<Cl-_64>n is found. If i is found, 
variable j is set as j=i and then the value of variable j is 
decreased by 16 until j satisfying Rn_1<C]-_16>n is found. If j 
is found, variable k is set as k=j and then the value of 
variable k is decreased by 4 until k satisfying Rn_1<Ck_4)n is 
found. If k is found, variable m is set as m=k and then the 
value of variable m is decreased by 1 until m satisfying 
Rn_1<Cm_1)n is found. Once m is found, the ending point I 
is set as l=m—1. 

FIG. 10C illustrates ?nding the ending point of the search 
scope regarding the ?fth code book. The ?rst L and DC 
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12 
components of LSP vector is calculated and then target 
vector R is calculated by the method stated above. Since the 
number of ?rst code book indeX is 64, initial value ofi is set 
as i=64. 
Once the initial value is found, variable j is decreased by 

16 until j satisfying Rn_1<C-_16)n is found. If j is found, 
variable k is set as k=j and t en the value of variable k is 
decreased by 4 until k satisfying Rn_1<Ck_4)n is found. If k 
is found, variable m is set as m=k and then the value of 
variable m is decreased by 1 until m satisfying Rn_1<Cm_1 n 
is found. Once m is found, the ending point I is set as l=m— . 

In the case of the third code book, choosing the smaller 
betWeen Em), obtained by subtraction of the code vector from 
the target vector, and Emf'), obtained by addition of the 
code vector to the target vector, makes an effect that the 
actual 256 code book is utiliZed as 512 code book. Here, if 
the case is subtraction, sign becomes 0. If the case is 
addition, sign becomes 1. There are tWo cases for the third 
sub-matrix, one for Zero sign bit and the other for one sign 
bit. If the sign bit is Zero, the starting point is obtained on the 
basis of FIG. 9 and ending point is obtained on the basis of 
FIG. 10B. HoWever, if the sign bit is one, the starting point 
and ending point are obtained in a different Way. 

FIG. 12 is a How diagram illustrating a method for ?nding 
the starting point When sign value is 1 in the third code book, 
searching in SMQ (split matriX quantization). FIG. 13 is a 
How diagram illustrating a method for ?nding the starting 
point When sign value is 1 in the third code book, searching 
in SVQ (split vector quantiZation). 
As shoWn in FIG. 12, the L and DC components of the 

LSP vector are calculated at step S1201 and then the target 
vector R is calculated at step S1202. Then, the DC compo 
nent is subtracted from Cm, at step S1203. The result of the 
subtraction is multiplied by —1 at step 1204 and then again 
the DC component is added at step S1205. By this 
procedure, the code book that Was sorted in descending 
order is noW sorted in ascending order. The starting point of 
the code book sorted in ascending order is obtained by a 
reverse direction comparison. 

That is, once the initial value is set as i=0 at step S1206, 
the value of i is increased by 64 until i satisfying Rn_1<Ci+ 
64,n is found at step S1207, S1208, and S1209. If i is found, 
variable j is set as j=i at step S1210 and then the value of 
variable j is increased by 16 until j satisfying Rn_1<C]-+16)n 
is found at step S1211, S1212, and S1213. If j is found, 
variable k is set as k=j at step S1214 and then the value of 
variable k is increased by 4 until k satisfying Rn_1<Ck+4)n is 
found at step S1215, S1216, and S1217. If k is found, 
variable m is set as m=k at step S1218 and then the value of 
variable m is increased by 1 until m satisfying Rn_1<Cm+4)n 
is found at step S1219, S1220, and S1221. Once m is found, 
the starting point is set m+1 at step S1222. 
As shoWn in FIG. 13, the L and DC components of LSP 

vector are calculated at step S1301 and then the target vector 
R is calculated at step S1302. Then, the DC component is 
subtracted from Cm), at step S1303. The result of the 
subtraction is multiplied by —1 at step 1304, and, then again, 
the DC component is added at step S1305. By this 
procedure, the code book that Was sorted in descending 
order noW is sorted in ascending order. The starting point of 
the code book, sorted in ascending order, is obtained by a 
forWard direction comparison. 

That is, once the initial value is set as i=25 6 at step S1306, 
value of i is decreased by 64 until i satisfying Rn+1>Cl-_64)n 
is found at step S1307, S1308, and S1309. If i is found, 
variable j is set as j=i at step S1310 and then the value of 
variable j is decreased by 16 until j satisfying Rn+1>C]-_16)n 
is found at step S1311, S1312, and S1313. If j is found, 
variable k is set as k=j at step S1314 and then the value of 
variable k is decreased by 4 until k satisfying Rn+1>Ck_4)n is 
found at step S1315, S1316, and S1317. If k is found, 
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variable m is set as m=k at step S1318 and then the value of 
variable m is decreased by 1 until m satisfying Rn+l>cm_1 n 
is found at step S1319, S1320, and S1321. Once m is found, 
the ending point is set m—1 at step S1322. 

Next, a search method for the LSP code book With a 
predictive SMQ is explained. 

In an AMR codec of 10.2 kbps mode, 7.95 kbps mode, 
7.40 kbps mode, 6.70 kbps mode, 5.90 kbps mode, 5.15 kbps 
mode, and 4.75 kbps mode, the LSP coef?cients are quan 
tized by a PSVQ (predictive split vector quantization) 
method, Which is different from a case involving 12.2 kbps 
mode. 

In 10.2 kbps mode, 7.95 kbps mode, 7.40 kbps mode, 6.70 
kbps mode, 5.90 kbps mode, 5.15 kbps mode, and 4.75 kbps 
mode, a linear predictive analysis is performed once per one 
voice frame, With auto-correlation approximation method 
having a 30 msec asymmetric WindoW. Also, to calculate 
auto-correlation, a 40 sample (5 msec) lookahead is used. 
Though an analysis WindoW is same as the one used for 12.2 
kbps, they are different in that L1(”) and L2(”) use 200 and 
40, respectively. The LP ?lter coef?cients are converted into 
LSP coef?cients and then quantized. As shoWn in FIG. 4, a 
?rst order MA estimator 41 is employed and the residual 
LSF vector is quantized by SVQ 42. The expectation and 
quantization are performed as folloWs. 

If the LSF vector is expressed by Z(n), resulted from 
subtracting the average from frame n, the expected residual 
LSF vector r(n) is described as equation 13. 

r(”)=Z(”)-P(”) 
p(n): expected LSF vector regarding frame n 

P(n) uses a ?rst order MA estimator 41 and it is calculated 
from the residual LSF vector r‘(n—1) and the expectation 
component a], regarding the jth order LSF. The folloWing 
equation 14 shoWs this. 

[Equation 13] 

Next, the residual LSF vector r(n) is quantized by a split 
vector quantization method. The vector r(n) is divided into 
3 sub-vectors that are third order, third order and fourth 
order, respectively. According to each mode, three sub 
vectors are quantized using 7, 8, or 9 bits. The quantization 
process for the seven modes are all the same except as the 
allocated number of bits is different for the sub-vectors. 
Here, the 7.95 kbps mode is explained as a representative 
case. 

FIG. 4 is a block diagram illustrating the structure of a 
PSVQ (predictive split vector quantization) for an AMR 
voice coder. The MA estimator 41 is a ?rst order MA 
estimator. Error vector e‘ is provided as input and ?rst order 
expectation linear coef?cient b is applied to the error vector 
e‘. The result is expectation vector P. PDC is obtained by 
adding LDC, the DC component of the LSP coef?cient, to the 
expectation vector P. Error vector e is obtained by subtract 
ing PDC from the LSP coef?cient vector. The error vector e 
includes three sub-vectors and they are third order, third 
order and fourth order, respectively. Each sub-vector is 
quantized in 9 bit. Expectation vector P DC and the LSP error 
vector e are obtained by equation 15. 

Paco.)(n)=Loc+b(n)el(iil)(n) 
e=L-PDC [Equation 15] 

i: current frame 

n: order of coef?cient (n=1, . . . , 10) 

The optimal code vector value, regarding each sub-vector, 
selected as error criterion E1”, is minimized. Equation 16 
illustrates error criterion. 
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Wm: priority matrix for mth sub-vector 
Wm is obtained from L, a non-quantized LSP vector. 

Equation 17 illustrates the quantized LSP vector L‘Lm. 

0 E l E 5 11 
Error criterion El’m is obtained by applying equation 17 to 

equation 16 and it is illustrated at equation 18. 

0212511 
em: target vector for code book search 

e‘Lm: lth error vector of mth sub-vector p Since error 
criterion El’m is represented by em and e‘Lm, regarding 
512 code books, the amount of calculation for El’m is 
signi?cantly reduced. Code book index I, minimizing 
error criterion E1”, is transmitted through the channel. 
When the LSP coefficients are quantized, most of the 
time is taken for searching optimal code vectors regard 
ing three subvectors. Therefore, if scope for searching 
code vectors is reduced, the amount of calculation is 
de?nitely reduced. 

In an embodiment of the present invention, a method to 
reduce the scope of the search is proposed. The method 
utilizes an ordering property of LSP coef?cients. In conven 
tional methods, since target vector em and related code book 
are error vectors, they do not have an ordering property. In 
order to implement the target vector With an ordering 
property, equation 18 is evolved into equation 19. 

0212511 
El’m in the equation may be derived from (Lm—Pm) and 

(e‘l)m+LDC). If (Lm—Pm) is rm, LDC is not removed from Lm, 
and Pm has small variance since it is predicted from error 
value. Therefore, rm has an ordering property and becomes 
a target vector for a code book search. If (e‘,>m+LDC) is Chm, 
Chm it has ordering property since Chm results from addition 
existing error code book e‘hm to LDC that has an ordering 
property. Here, since e‘Lm and LDC have all ?xed values, they 
are pre-calculated and replace the existing code book. 

Like this, El’m is derived from rm and Chm and the code 
book index 1 value, minimizing E1”, is transmitted through 
a channel. FIG. 6 is a block diagram illustrating the structure 
of PSVQ (predictive split vector quantization) in accordance 
With an embodiment of the present invention. The structure 
shoWn in FIG. 6 is able to use the result of equation 19. The 
structure shoWn in FIG. 6 is basically the same as the 
structure shoWn in FIG. 4. HoWever, they are different in that 
a procedure of LDC subtraction is omitted and the code book 
regarding each sub-frame is replaced by neW code books. 
LDC is already added to the neW code books. After this 






